A benchmark suite has been developed by Seoul National University (SNU) for intra-pellet nonuniform temperature distribution cases based on the practical temperature profiles according to the thermal power levels. Though a new subgroup capability for nonuniform temperature distribution was implemented in MPACT, no validation calculation has been performed for the new capability. This study focuses on benchmarking the new capability through a code-to-code comparison. Two continuous-energy Monte Carlo codes, McCARD and CE-KENO, are engaged in obtaining reference solutions, and the MPACT results are compared to the SNU nTRACER using a similar cross section library and subgroup method to obtain self-shielded cross sections.
INTRODUCTION
High-fidelity reactor simulations require a resonance self-shielding model to be able to resolve the spatial variation of the effective cross section within the fuel rod. If the thermal feedback is also considered, the resonance method should also be able to account for the nonuniform temperature distribution along the fuel radius. In the conventional lattice calculation, a so-called "effective temperature" is chosen to replace the realistic temperature distribution in the fuel rod so that the subgroup method can be performed without any extension for the nonuniform temperature case. Apparently, the effective temperature model cannot be used for the case of radially dependent temperature if one wants to obtain accurate self-shielded cross sections in every sub-region of the fuel for direct transport calculation.
However, the conventional subgroup methodology limits its application to the cases of uniform temperature distribution. The subgroup levels for different temperatures are identical, and the weights are generated to be different to account for the Doppler broadening of cross sections. When performing subgroup calculation for a nonuniform temperature case, for each subgroup, the subgroup levels for a resonance isotope in different fuel annuli are same, in spite of the different temperatures. This imposes an inconsistency with the real physics that the cross section should be Doppler broadened when temperature is increased. Therefore, the equivalence cross section calculated by the temperature-independent subgroup levels is biased. A solution to this deficiency is to adjust the cross section of each region with temperature dependence, so that the correct selfshielding effect can be retrieved.
A benchmark suite has been developed by Seoul National University (SNU) for the intra-pellet nonuniform temperature distribution cases based on the practical temperature profiles according to the thermal power levels. Though a new subgroup capability for nonuniform temperature distribution was implemented into MPACT [Joo04, Wem07, Liu04] , no validation calculation has been performed for the new capability. This study focuses on benchmarking the new capability through a code-to-code comparison. Two continuous-energy Monte Carlo codes, McCARD and CE-KENO, are engaged in obtaining reference solutions with the ENDF/B-7.0 library, and the MPACT results are compared to the SNU nTRACER using a similar cross section library and subgroup method to obtain self-shielded cross sections. CASL-U-2016-1069-000
METHODOLOGY
In a heterogeneous system, the self-shielded resonance cross sections are estimated from the selfshielded scalar fluxes obtained by the following fixed source transport equation.
where subscript m denotes a problem case with different absorption cross section levels at energy group g. In Eq. (2.1), i,a,g,m and i,p denote macroscopic absorption and potential cross sections of nuclide i, respectively, and i,g denotes the intermediate resonance parameter.
Eq.
(2.1) should be modified for the resonance transport calculations involving nonuniform temperature distribution in which the macroscopic absorption cross sections should include the temperature distribution as follows:
where T and Tave. are local and volume-averaged temperatures, respectively. The function f(T) was approximated by the following equation [Wem07] .
(2.4)
Effective self-shielded absorption and *fission cross section can be obtained by the following equations.
(2.6) CASL-U-2016-1069-000
The SNU simulator nTRACER utilizes a different formula to obtain an effective self-shielded absorption cross section by using average temperature weights instead as follows:
(2.7) CASL-U-2016-1069-000
SPECIFICATIONS
SNU has developed a benchmark suite for the intra-pellet nonuniform temperature distribution cases. Table 3 .1 and Figure 3 .1 provide the geometrical specifications, including five equi-volume subzones in the fuel pellet, gap, cladding, and moderator. Table 3 .2 provides the compositional specification, including nuclides and atomic number densities.
Nonuniform temperature profiles as a function power and average fuel temperatures are shown in Table 3 .3 and Figure 3 .2. Benchmark calculations are performed by using both nonuniform and uniform temperature profiles. 
BENCHMARK RESULTS
Benchmark calculations were performed using the continuous-energy Monte Carlo codes McCARD and CE-KENO and the deterministic neutronic simulators nTRACER and MPACT with its own ENDF/B-7.0 continuous-energy and 47-group cross section libraries. The ACE format continuous-energy cross sections for McCARD were processed for all temperatures by NJOY. The SCALE-6.2 with CE-KENO includes a new capability to interpolate continuous-energy cross sections for any specified temperature based on the reference temperatures for base cross sections. However, if the specified temperature differs from the reference temperature within 4 K, no interpolation will be made. Figure 4 .2 provide the benchmark results for the uniform temperature cases. There is very good agreement among all codes in the reactivities for all temperatures. However, the slopes (fuel temperature coefficients) are somewhat different. The difference between the two Monte Carlo codes needs to be determined. Figure 4 .3 provide the benchmark results for the nonuniform temperature cases. There is very good agreement among all codes in the reactivities for all temperatures. This difference may be the result of cross section interpolation, the error source of which needs to be determined. The difference between MPACT and nTRACER may the result of differences in subgroup data and other cross sections and the nonuniform temperature subgroup equation. 
